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D-Ni、D-Cu、D-Cr、D-Zn 含量均占各金属总浓度的 94 %以上，其中游离态 F-Ni、
F-Cu 占金属总浓度的比例分别为 64.30 %、56.23 %，F-Cr、F-Zn 均占金属总浓
度的 90 %以上；电镀镍漂洗水中镍的主要存在形态为 D-Ni（T-Ni 的 95 %以上），
其中 F-Ni 占 T-Ni 的 90 %以上，络合态镍（C-Ni）比例较低。 
采用络合-超滤技术回收电镀镍漂洗废水中金属镍的研究包括四个部分：络
合、超滤、解络及 PAASS 的回收。 
在络合反应过程中，分别采用截留分子量为 6 000、50 000 和 100 000 的中
空纤维超滤膜，考察了金属/聚合物比（L）、pH 值、反应时间、搅拌强度及超滤
膜截留分子量对 Ni2+的截留率的影响。研究结果表明， 适宜络合条件为：L=0.2、
络合反应 30 min、搅拌强度为 175 r/min。在室温，电镀镍漂洗废水的 pH 范围（7-8）
内，三种不同截留分子量的超滤膜对 Ni2+的截留率均可保持在 90 %以上；超滤
膜的截留分子量越大，膜通量越大。 




膜通量可以恢复到初始纯水通量的 90 %左右。 
在解络过程中，Ni2+的解离率随 pH 的升高而下降， 佳解络 pH 值为 1.5；
解络过程反应速度较快，20 min 即可达到反应平衡。在室温、pH 为 1.5、反应时


















Electroplating wastewater can easily cause pollution to environment, while it has 
great harmfulness to the human body and living beings. In this paper, heavy metal 
speciations in electroplating wastewater was firstly analysed, afterwards, the 
feasibility of recovery of nickle in rinse-wastewater from electronickelling by 
complexation-ultrafiltration technology using poly (acrylic acid) sodium salt (PAASS) 
as polymer was investigated. 
The experimental results from heavy metal speciations indicatded that the 
dissolved proportion of D-Ni、D-Cu、D-Cr、D-Zn could be more than 94 % of each 
metal in composite wastewater, while the free ion proportion of F-Ni、F-Cu could 
reach to 64.30 %、56.23 % respectively, and that of F-Cr、F-Zn was greater than 90 %; 
the major section of nickle in rinse-wastewater from electronickelling was D-Ni 
(more than 95 % of T-Ni), while the proportion of F-Ni exceeded 90 %, that is to say, 
there is only a little part of complex nickle. 
The research of recovery of nickle in rinse-wastewater from electronickelling by 
complexation-ultrafiltration technology can be divided into four parts, they are 
complexation, ultrafiltration, decomplexation and the recovery of PAASS, 
respectively. 
In the complexation process, the influence factors to the rejection of Ni2+ were 
investigated by ultrafiltration using three kinds of molecular-weight cut off of 6000, 
50 000, 100 000 Da polysulfone hollow fiber ultrafiltration membranes, such as 
metal/ polymer ratio(L), the pH value, reaction time, stirring intensity and the 
molecular-weight cut off. The results indicated that L 0.2, reaction time 30 minutes, 
stirring intensity 175 r/min were the optimal complexation conditions. At room 
temperature, greater than 90 % Ni2+ rejection could be achieved by any kind of 
ultrafiltration membranes in the rinse-wastewater from electronickelling pH range of 
7-8. While higher membrane flux could be obtained with the increasing 















The influence factors in ultrafiltration process were studied by using the 
molecular-weight cut off of 100 000 Da polysulfone hollow fiber ultrafiltration 
membrane under the optimal complexation conditions. The rejection of Ni2+ was 
demonstrated to be not obviously affected by the factors. The membrane flux 
increased with the raise of operating pressure and flow rate; while it decreased with 
operating time and volume concentration factor, the suitable volume concentration 
factor was 8 to 10. After chemical cleaning, the membrane flux of pure water recovery 
can be achieved 90 %. 
In the decomplexation process, the dissociation yield of Ni2+ decreased with 
higher pH value, and the optimum pH was 1.5; the reaction occurred fast, which took 
20 minutes achieving to equilibrium. At room temperature, the dissociation yield of 
Ni2+ can reach to 95.89 % within 20 minutes at pH 1.5, thereby, the recovery of nickle 
can be realized. 
In this paper, acid decomposition-ultrafiltration technique was used to recycle 
PAASS. The research results showed that little changes had taken place to the 
characteristics of recovered PAASS, that is to say, it had good regenerability. 
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据不完全统计，1999 年全国工业和城市生活污水排放总量为 401 亿 m3，电
镀厂排放出废水达 40 亿 m3[4]，由此可见，电镀废水的排放量约占工业废水排放




电镀工艺差别很大，但基本流程大致相同，如图 1.1 所示。 
 
 
图 1.1 电镀工艺流程图 
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